Previous research has demonstrated that familiarity with the orthographic structure within a letter string can facilitate the processing of the component letters. The current research was directed at discovering the psychologically relevant properties of this structure. Two fundamental descriptions were independently varied in the construction of six-letter nonword strings. A probabilistic description based on the frequency of occurrence of letters in each position was factorially combined with a rule-governed description defined in terms of graphemic and phonological constraints. College sophomores and sixth-grade readers were asked to indicate whether or not a predesignaled target letter was present in these strings. For both groups of readers, orthographic regularity and summed positional frequency were found to have only a small facilitative effect on reaction time (RT). In contrast, RTs to say "no" increased dramatically with increases in the number of letters in the catch string that were physically similar to the target letter. In another experiment, the letter string was presented for a short duration, followed immediately by masking stimulus and then the target letter. College students indicated whether or not the target was present in the test string. Accuracy of performance was critically dependent on the orthographic regularity and summed positional frequencies of the letters in the test string. No effect of letter similarity was observed. The large differences that were observed between these two tasks were accounted for in terms of the stages of processing that are critical for performance in the tasks.
given two alternative letters and indicates which of the alternative letters was presented at an indicated position in the display. The alternatives are selected to eliminate the possibility of a guessing advantage for highly constrained letter strings.
For example, if the subject were shown the display WORD, the alternatives would be D and K. In this case, knowing that the display was a word and that WOR occurred in the first three positions would not be sufficient information for the subject to choose between D and K in the fourth position, since both alternatives spell words. Performance on this trial would be compared to a letter trial in which D would be presented without context, followed by the alternatives D and K and a nonword trial in which ORWD would be presented followed by the alternatives D and K. When Reicher initiated the paradigm, he found a 10% advantage for words over nonwords and single letters. This basic result has been replicated by Wheeler (1970) , Johnston and McClelland (1973) , and Thompson and Massaro (1973) . A similar advantage has been found with pseudowords, which are spelled like English words but have no meaning (Aderman & Smith, 1971; Baron & Thurston, 1973 ). This latter result shows that orthographic structure can contribute to perceptual processing independently of meaning, although the latter may also contribute to the "word" advantage (Juola, Leavitt, & Choe, 1974; Manelis, 1974) .
A variation on the Reicher paradigm is the target search paradigm, in which a subject attempts to determine whether or not a target letter (or letters) is present in a test string. Krueger (1970b) presented subjects with a target letter followed by a display of 25 six-letter words or 25 six-letter nonwords. The nonwords were formed by randomly permuting the letters at each serial position in the words. Search time was about 20% faster through word than nonword displays. In another experiment, Krueger (1970b) looked at relative search times for common and rare words and third-order pseudowords. Subjects saw a target letter followed by a display of two six-letter strings. Given an average RT of 1,000 msec, search time was 36 msec faster for common than for rare words while rare words were 48 msec faster than the third-order pseudowords. The pseudowords were in turn 28 msec faster than the nonword strings. In a final study (Krueger, 1970b) , highly practiced subjects searched for one, two, or three target letters in word and nonword displays of two six-letter strings. Search time was a linear increasing function of the number of target letters and was faster for word than nonword displays. More important, these two effects were additive, indicating that the word-nonword difference was affecting overall search time at a different processing stage than was the number of target letters. Since it is commonly assumed that the number of target letters influences memory comparison, the advantage of the word strings might be located at the recognition stage of processing. Gilford and Juola (1976) compared visual search to memory search using word and nonword test items. The nonwords were generated by rearranging (and sometimes replacing) letters in one-syllable words to give pronounceable one-syllable anagrams. There were no significant differences between the two tasks. The RTs increased linearly with increases in the number of letters in the test items and were consistently 40 msec faster to word than nonword displays. Replication of Krueger's (1970b) results using both visual and memory search paradigms, however, produces a conceptual problem with localizing the differences between words and nonwords at the recognition stage of processing. In memory search, the target item was presented 2 sec after the test item whereas the target was presented 2 sec before the test item in visual search. If it is assumed that the advantage of words over nonwords in visual search was due to a more rapid recognition of word than nonword test items, then the target letter must have been recognized faster with word than with nonword test lists in the memory search task. There is no justification for this interpretation, however, since the same single target letter occurred on word and nonword trials and its recognition time should not have been dependent on the nature of the previously presented test item.
In a second series of experiments, Krueger (1970a) had subjects search for a target letter in a single six-letter word or nonword string. The target letter was presented before (visual search), after (memory search), or simultaneously with the test string. The subjects responded about 9% faster for words than nonwords when the target was presented after the display and about 5% faster when the target letter was presented before the display. In the simultaneous presentation, the target letter was centered immediately above the test string or was repeated above each letter in the test string. A 4% word advantage occurred in both variations of this procedure. The only condition that eliminated the word advantage was one in which the letters in the string were arrayed vertically rather than in their standard horizontal arrangement. Krueger's (1970a Krueger's ( , 1970b results offer substantial support for the utilization of orthographic structure in searching for a target letter in test strings. Krueger, Keen, and Rublevich (1974) asked adults and fourth-grade readers to search for a target letter in a list of five six-letter words or nonwords. The RTs were about 10% faster for the words than nonwords and about 3% faster for (third-order) pseudowords than nonwords. These effects did not vary with reading ability. James and Smith (1970) and Gibson, Tenney, Barron, and Zaslow (1972) failed to find faster search times through pronounceable pseudowords than nonwords, but Krueger (1975) argued that these null effects may be due to the utilization of a less sensitive between-subjects design. Gibson et al. (1972) pointed out, however, that since a single target letter was used, their subjects did not have to recognize each of the test letters but could make decisions on the basis of letter features alone. To test these two explanations, Krueger and Weiss (1976) used a within-subject design and held the target letter constant across trials in a target search task with lists of 30 sixletter items. Subjects searched through word lists about 4% faster than through nonword lists. This significant result supports the commonly accepted idea that comparisons between subjects are insensitive (and inappropriate) in visual information-processing tasks. Mason (1975) evaluated the contribution of single-letter positional frequency in a letter search task. Good and poor sixthgrade readers indicated whether or not a six-letter string contained a predetermined target letter. Mason (Experiment 2) found that good readers were faster (on both yes and no trials) for strings with high than with low positional frequencies. Poor readers showed no difference. The results support the idea that the time to process the letters in a string is influenced by the likelihood of letters occurring in their more common spatial positions.
In each of the experiments just reviewed, orthographic structure was assumed to facilitate letter search: yet the definitions of this structure were widely disparate, varying from single-letter positional frequency (Mason, 1975 ) to third-order approximations to English (Krueger et al., 1974) to pronounceability (Gibson et al., 1972) . The present study addresses the issue of defining orthographic structure. In doing so, the degree to which the target search task was sensitive to the orthographic structure of letter strings also becomes a relevant question.
A Model for Visual Processing
The conceptual framework for the present research derives from an informationprocessing stage model (Massaro, 1975a (Massaro, , 1975c Massaro & Klitzke, 1977) . Although this model has received considerable support from a wide variety of information-processing tasks, our purpose in presenting the model here is not to justify it over other models, but to provide a precise framework for both the theoretical hypotheses and the experimental tests of the current research. In the current model, a segment of text is registered as a light pattern on the retina, which stimulates the visual receptors. The first process, called feature detection, detects basic letter features, which are transmitted to preperceptual visual storage (see Figure  1 ). The feature detection process takes time, and it is assumed that different features require different times for detection. For example, the general circular shape of the letters c and o may be detected before information about about whether or not a gap is present. As the visual features enter preperceptual visual storage, the primary recognition process attempts to synthesize these isolated features into a sequence of letters and spaces in synthesized visual memory. To do this, the primary recognition process can utilize information held in long-term memory. For the accomplished reader, this includes a list of features for each letter of the alphabet along with information about the orthographic structure of the language. The primary recognition process utilizes both visual features and information about orthographic structure of the language in its synthesis of the letter string.
The primary recognition process operates on a number of letters in parallel. The visual features that are read out at each spatial location define a set of possible letters for that position. The recognition process chooses from this candidate set the letter alternative that has the best correspondence in terms of visual features. However, the selection of a "best" correspondence can be facilitated by knowledge of orthographic structure. If, for example, th-in has been resolved in a letter string and the features available for the third letter match either c or e, the reader might accept e without waiting for further visual information since them is irregular while them is not. The primary recognition process therefore attempts to utilize both the visual information in preperceptual storage and knowledge about the structure of legal letter strings.
The primary recognition process transmits a sequence of recognized letters to synthesized visual memory. The secondary recognition process transforms this synthesized visual percept into a meaningful form in generated abstract memory. The secondary recognition process makes this transformation by finding the best match between the letter string and a word in the long-term lexicon. Generated abstract memory corresponds to the short-term or working memory of most information-processing models. In our model, this memory is common to both speech perception and reading. Receding and rehearsal processes build and maintain semantic and syntactic structures at the level of generated abstract memory. The reader is referred to Massaro (1975b) and Venezky and Massaro (in press ) for a more complete description of the model.
Defining Orthographic Structure
Proposals for describing orthographic structure can be classed as either rule governed or frequency governed. The frequency-governed approaches include ordered approximations to English (Miller, Bruner, & Postman, 1954) , as well as bigram counts (Herrmann & McLaughlin, 1973) and single letter positional frequencies (Mason, 1975) . These descriptions are usually based on counts of letters or letter sequences that occur in words in running text, although word types might also be used (Solso & King, 1976) .
Rule-governed approaches, in contrast, attempt to define orthographic structure in terms of the more general linguistic patterns of English spelling. This results in rules or criteria that are based upon both phonological and graphemic constraints, such as the nonoccurrence of initial consonant clusters composed of a voiced consonant followed by a voiceless one, or the use of ck rather than c or k in word final position after a checked vowel spelling. Although no comprehensive set of rules has yet been published, a sketch of the major orthographic constraints is given in Venezky and Massaro (in press ). Rule-governed approaches have so far been based on word types rather than word tokens and have yet to incorporate frequency measures, although these are not excluded by definition.
The most important difference between the two approaches is that rule-governed approaches can, at least in theory, generate substrings that do not occur in English words and can eliminate some that do. For example, if gh were accepted as a regular spelling for /g/ in word initial position, then the initial spellings, ghl and ghr, might be generated as regular clusters, even though neither occurs initially in real English words. (Note, however, the parallel with phr, phi, rhl, chr, and thr, all of which do occur in English.)
Although some frequency approaches (e.g., position-sensitive fourth-order approximations) will yield strings similar to those produced by a rule-governed approach, most frequency measures will not. Single-letter positional frequencies, for example, have been offered as descriptions of orthographic structure; yet empirical tests done so far have generally confounded a rule-governed description with a single-letter positional frequency description (Mason, 1975) . The positional frequency of a given letter in a letter string is measured by the frequency with which the letter occurs in the same spatial position in words of the same length. The positional frequency of a letter string is the sum of the positional frequencies of each of the individual letters in the string. Positional frequencies can be computed from the tables of Mayzner and Tresselt (1965) , which give the total number of occurrences of each letter at each spatial position in a sample of 20,000 words of running text.
Summed positional frequency and rulegoverned regularity can be varied independently, however. Consider, for example, some of the permutations of the letters that make up the word prince, which has a summed positional frequency of 1,008 according to the Mayzner and Tresselt tables. The strings picner and encrip are both orthographically regular by a rule-governed description, yet their summed positional frequencies are 1,579 and 426, respectively. Similarly, rcenip and cpnier are orthographically irregular, but have summed positional frequency counts of 504 and 1,582, respectively. It is not possible to determine from Mason's (1975) results alone whether differences in positional frequency are fortuitous effects of orthographic regularity as defined by phonological and graphemic rules, or if both were responsible for her results.
To evaluate the degree to which summed positional frequency and orthographic regularity are psychologically relevant measures of orthographic structure, we selected letter strings that were high or low in summed positional frequency, and then chose both regular and irregular strings from both of these categories according to an extension of the rules proposed by Venezky and Massaro (in press ). (These rules are explained in Appendix A.) If summed positional frequency is a psychologically relevant description of orthographic structure, it should predict performance regardless of regularity. Likewise, if a rule-governed description is psychologically relevant it should predict performance independently of positional frequency. In the present experiments, we independently varied these two descriptions of orthographic structure to provide a direct assessment of the contribution of each to letter processing.
Target Search and Orthographic Structure
A target search task was selected in view of the substantial evidence that orthographic structure facilitates performance in this task. According to the model utilized here, the influence of orthographic structure on performance in the target search task should depend on whether the subject is capable of responding at the level of letter features (i.e., at the feature detection stage) or whole letters (i.e., after the primary recognition stage). If primary recognition must be completed before a decision can be made, we predict a positive effect of orthographic structure in the task; no influence of orthographic structure is predicted if a decision can be initiated at the level of feature detection. At first glance, we might expect that primary recognition must be completed before a decision can be made in the search task. There is some evidence, however, that readers do not have to recognize all of the letters in the test letter string to perform the target search task (Estes, 1975; Massaro & Klitzke, 1977) . Consider the case in which the subject is looking for the target letter b in the letter strings cose, peom, deom, and delm, respectively. In all cases the answer is no, but the subject may be able to decide on this answer faster with some of the strings than with others. We assume that recognition of the string is a temporally extended process and that some letter features are resolved before others. There is some evidence that overall letter shape can be resolved and made available to later stages of processing before the letter is completely recognized (Bouma, 1971; Massaro & Schmuller, 1975) . In a well-known experiment (Neisser, 1964) , subjects searched faster for the uppercase letter Z in a list of curved letters (0, D, U) than in a list of linear letters (T, V, M). This result indicates that complete letter recognition is not necessary in the target search task. Applying this analysis to the example strings, a subject might be able to respond "no" to the first two example strings very quickly since none of the letters has the same overall ascender shape as the target letter. In contrast, the third and fourth strings will require additional processing time. Other features of the ascending letters of these strings must be resolved to distinguish these letters from the target letter. Accordingly, we might expect that the time to say "no" will be longest for the string with two ascenders, intermediate for the string with one ascender, and shortest for the strings with no ascenders. If subjects are utilizing this processing strategy, then we would not expect a large effect of orthographic structure of the letter string, but rather a significant influence of the number of letters similar to the target letter.
It should be pointed out that for this model the number of letters in the test string of the same overall shape as the target should not be important on target trials. On these trials, the.target letter must be completely resolved before a yes response can be made. Therefore, the critical variable on target trials is how quickly the target is recognized rather than the number of letters in the test string that have the same overall shape as the target.
To review, the two central issues addressed by the current research involve an evaluation of the psychological reality of two descriptions of orthographic structure and the degree to which orthographic structure influences performance in the target search task. To evaluate these hypotheses at two levels of reading experience, both adult readers and sixth graders were tested.
Experiment 1

Method
Subjects. Eleven adult subjects who responded to an advertisement posted in the university community participated 1 hr a day for 2 consecutive days. Each subject was paid $4 at the end of the experiment.
Stimulus lists. The stimulus lists were generated from the most frequent 150 six-letter English words in Kucera and Francis (1967) . A computer program generated all 720 permutations of the six letters in each word, and computed the summed positional frequency for each permutation from Mayzner and Tresselt's (1965) counts for the absolute frequency of occurrence of single letters at each position in six-letter words. The program listed the 30 permutations with the highest summed positional frequencies and the 30 permutations with the lowest summed positional frequencies. From these lists one orthographically regular and one orthographically irregular item were chosen from the items with the highest summed positional frequency, using the criteria given in Appendix A. A similar pair of items was chosen from the items that ranked lowest in summed positional frequency. Because of the difficulty of finding orthographically regular items in the low positional frequency group, all of the original ISO words could not be used. The four different types of items could be generated from 80 of the words, giving a total of 320 stimulus items in the experiment. Table Bl of Appendix B lists the words, the 4 permutations that were used in the experiment, and the summed positional frequency of each permutation.
Procedure. The stimulus list of 320 items was divided in half so that the permutations of 40 of the words were in one list and the permutations of the other 40 words were in the other. List 1 had no repeated letters in 37 of the strings and one repeated letter in 3 of the strings. List 2 had at least one repeated letter in each of the 40 strings (see Appendix B). In the experiment proper, each subject was tested on List 1 in the first session and List 2 in the second session each day. List 1 was always given first on Day 1 since this list had only 3 items with repeated letters and it also allowed a direct comparison between the adult's results on Day 1 and the results from the sixthgrade readers in Experiment 2. Each letter string appeared once as a target trial and once as a catch trial. On target trials, the target letter was selected randomly with replacement from the six letters in the test string. On catch trials, the target letter was selected from the remainder of the alphabet. The probability of selecting a given target letter on catch trials was weighted by the frequency of occurrence of that letter in the 320 test strings.
On the first day, the subject was introduced to the visual display and the response panel. To acquaint subjects with the response procedure, they were first given SO trials of responding "yes" and "no" to the words YES and NO presented on the visual display. All subjects pushed the yes button with their preferred hand. The word remained on until the subject pressed one of the two buttons. Next, the subjects received SO practice trials with random letter strings. The subject was asked to indicate whether or not a target letter was present in these six-letter strings. Each trial began with a 400-msec presentation of the target letter followed by a 400-msec blank period and then the test letter string. The letter string remained on until the subject pressed one of the two buttons. The interval from the response to the onset of the next trial was 1.5 sec. The subject was instructed to respond "yes" if the target letter appeared at least once in the letter string and "no" otherwise. The subject was also instructed to respond as accurately and quickly as possible. Feedback was given at the end of each practice sequence in an attempt to keep error rates below 3%. This practice session was followed by 320 trials of the experiment proper. After a rest of about 10 min the subject was given a second testing session consisting of 50 practice trials followed by 320 experimental trials. On Day 2 the subject also had two sessions, each with practice trials followed by 320 experimental trials. Each subject was tested for a total of 1,280 trials in the experiment proper, giving roughly 320 observations per subject in each of the four experimental conditions. A 10-min rest break was given between sessions.
Apparatus. The displays were presented on a Beehive video computer terminal under the control of a Harris DC6024/5 computer. A hardware modification permitted the terminal's video to be turned on and off with program-generated control signals. The display strings were loaded into the memory buffer of the terminal with video off and then the video was turned on for the appropriate exposure duration. The Beehive's cathode ray tube (CRT) employs a P4, blue-white phosphor which decays to .1% of maximum luminance in 32 msec. The experiment was conducted in a partially darkened room to enhance image contrast.
All single-letter and letter-string displays were presented in lowercase letters. The Beehive terminal uses a 5 X 7 dot matrix, 2.S mm wide and 5 mm high. At the average viewing distance of approximately 38 cm, the six-letter strings subtended a horizontal visual angle of 2.25° and a vertical visual angle of .60°. The displays were presented in the upper center of the screen. The single-letter target was positioned to appear two lines above Serial Position 3 of the string display, a vertical visual angle separation of 1.65°. The RTs were measured from the time the video was turned on for the letter-string displays. A 1-kHz clock provided RT measurements accurate to milliseconds.
Results
An analysis of variance was carried out on the mean RTs for correct responses for the 11 subjects, with the four sessions, the two levels of positional frequency, orthographic regularity, and test type (target vs. catch trial) as factors. Table 1 presents the mean RTs for target and catch trials as a function of positional frequency and orthographic regularity. The RTs averaged 16 msec longer for low than for high positional frequency, F(\, 10) = 16.64, p < .005. Responses were 9 msec faster for orthographically regular than for orthographically A second analysis was carried out to evaluate whether the RTs on catch trials were sensitive to the similarity between the target letters and the letters in the catch string. The analysis was directed at finding out whether RT was a function of the number of letters in the catch string that were visually similar to the target letter. To do this, the letters of the alphabet were grouped into six sets based on the similarity results of Bouma (1971) . These six sets are as follows: (m, n, r, u, v, w) , (a, s, x, z), (c, e, o) , (b, d, h, k) , (f, i, j, 1, t), and (g, p, q, y). The relationship between each target letter and catch string was defined in terms of the number of letters in the string that were members of the same set as the target letter. For example, the test string lisver would have two letters from the same set as the letter t and two from the same set as in. For each subject and for each of the six types of target letters, an RT was computed as a function of the number of letters in the catch string similar to the target letter. If any subject had fewer than four observations at a particular condition, this condition was eliminated from the analysis for all subjects. The analysis indicated that RT was a direct function of the number of letters in the catch string that were similar in shape to the target letter. With no similar letters in the test string the RT was 685 msec, whereas the RTs were 724, 736, and 755 msec for catch strings with one, two, and three similar letters, respectively. This effect of number of similar letters was highly significant, F(3, 30) = 18.86, p < .001.
A similar analysis was carried out on the mean RTs for target trials as a function of the number of letters in the test string similar to the target letter. In contrast to the catch trials, there was not a consistent increase in the RTs with increases in the number of letters of the test string similar to the target letter. The RTs for target strings that had one, two, three, and four letters similar to the target letter averaged 641, 624, 635, and 633 msec, respectively, F(3, 30) < 1. In contrast to the orderly increases on catch trials, there appears to be no systematic effect of letter class similarity on target trials.
Experiment 2
Method
Subjects. Sixteen sixth-grade students, 5 male and 11 female, participated in individual H-hr testing sessions. Two additional students' data were lost because of equipment failures. Chronological ages of the subjects ranged from age 11-0 to age 12-1. Reading comprehension was evaluated by administering the comprehension subtest of the Gates-MacGinitie Reading Test (1965, Survey D, Form 1). Comprehension grade level scores varied from 5.3 to 12+ with a mean grade level of 9.5. All subjects participated in response to advertisements in local newspapers and were paid $2 for their participation.
Stimuli and apparatus. The stimuli and apparatus were the same as for Experiment 1 with the exception that only List 1 was used.
Procedure. Each subject's session began with administration of the 25-min written comprehension test. After completing the reading test, the subject was seated before the computer terminal and the task explained. The remainder of the session was conducted in the same fashion as the first session of Test Day 1 in Experiment 1. Accordingly, each subject was tested for 50 yes-no trials, 50 practice trials, and 320 trials from List 1 in the experiment proper, giving roughly 80 observations per subject at each of the four experimental conditions (less error trials). As in Experiment 1, yes responses were given with the preferred hand.
Results
The mean correct RTs and their associated error percentages are presented in Table 2 . Although the RTs were about 12 msec faster for regular than for irregular strings and about 12 msec faster for high than for low positional frequency, an analysis of variance revealed that neither result was significant. These results replicate those found with adult subjects, except that the small differences were statistically significant for the adults but not for the sixth-grade readers. The only statistically significant result was the 65-msec mean difference between target trials and the slower catch trials, F(l, 15) = 16.11, p < .005. However, this advantage in RTs on target trials appears to be at least partially due to higher error rates on those trials. Fourteen of the 16 subjects (significant by a sign test, p < .02) were more accurate in responding to catch trials than to target trials.
Analyses of similarity between catch string letters and target letters were made as in Experiment 1. The children's results exactly replicate the adult data. On catch trials, RTs average 876, 935, 977, and 1,080 msec for zero, one, two, and three similar letters, respectively, F(3, 45) = 10.50, p < .001. A similar analysis of the target trials revealed that RTs did not increase as a function of increasing numbers of letters of the same class as the target. Average RTs for target trials were 868, 840, 891, and 874 msec, for one, two, three, and four similar letters, respectively, F(3, 45) = 1.77, p > .20. These results contrast with those found for catch trials, and together the results provide an exact replication of the adult performance in Experiment 1.
To provide a direct comparison between the sixth-grade and adult readers, an analysis of variance was carried out on the results from both groups. For direct comparability, only Session 1 on the adult data was included and the five slowest sixth-graders were elim- 
Discussion
Experiments 1 and 2 demonstrate that the target search task is relatively insensitive to the orthographic structure of the test letter strings. Only very small effects of orthographic structure were apparent, whereas target search times on catch trials were critically dependent on the number of letters in the test string similar to the target letter. In terms of our model, this means that the observer was usually capable of responding at the level of feature detection before recognition of the letters in the test string was complete.
One observation appears to be inconsistent with the idea of early responses on catch trials in the target search task. Across the two groups of readers, average RTs on catch trials were about 72 msec slower than average RTs on target trials. If subjects could terminate their search before all letters were recognized on some catch trials, then these RTs might be expected to be shorter than RTs on target trials. However, longer RTs on catch trials might result from a different stage of processing than that responsible for the similarity effect. The common results in a wide variety of tasks is that negative responses take longer than positive responses. Subjects may tend to hesitate or double check their decision on catch trials, adding to the overall RT. Some evidence for this possibility comes from the significantly higher error rates on target than on catch trials. A second reason for longer RTs on catch trials might be that all subjects responded "yes" with their preferred hand. Accordingly, absolute differences in RTs between target and catch trials are not valid indexes of a feature detection strategy in the target search task.
The feature detection strategy in target search appears to neutralize utilization of the orthographic structure of letter strings. According to our model, what is required to assess the use of orthographic structure is a task that requires primary recognition of the letters of the test string. Consider the task in which the test string is presented under restricted viewing conditions followed by presentation of the target letter. In this task, the subject still indicates whether or not the target letter was contained in the test string, but must resolve the letter string to the deepest level possible (Juola et al., 1974; Thompson & Massaro, 1973) . Given that the display test must be processed through the stage of primary recognition, we should be able to assess the psychological validity of various descriptions of orthographic structure.
Experiment 3
Method
Subjects. Ten introductory psychology students, S male and 5 female, participated for 1 hr a day on 2 consecutive days and received extra point credit toward their psychology grades. The data from 3 additional subjects were lost, in two cases because of failure to perform the task as instructed and in the third case because of equipment malfunctions.
Apparatus and materials. The stimulus materials and apparatus were the same as in Experiment 2. Because the task was changed from a precued target search to a postcued target search, the experimental display sequence was reprogrammed as follows. A cardboard mask with a rectangular aperture was affixed to the face of the CRT screen. This window defined the area where the displays were presented and served as a fixation box. A trial began with the presentation of the six-letter stimulus string for a brief, controlled duration followed immediately by the masking stimulus, six uppercase Xs. The masking stimulus was presented for 250 msec and followed by the target letter, which remained in view until the subject responded. The target letter was presented on the same line as the stimulus and mask strings but three character positions to the left of the initial letter position of the stimulus string.
The stimulus string exposure duration was individually determined for each subject during the practice trials. Because of the 60-Hz refresh rate for the CRT, 1 refresh cycle (16.7 msec) was chosen as the basic time unit. The number of cycles needed to achieve an overall accuracy level of 75% was determined on line by a modified version of the PEST algorithm (Taylor & Creelman, 1967 ). An adjustment of 1 or 2 cycles was made after each block of trials, if necessary, to maintain accuracy at 75%. Exposure times remained equivalent across conditions, since each block contained equal numbers of strings in each stimulus category. The mean exposure duration for the 10 subjects was 8.5 cycles or 142 msec. The range of average exposure durations across subjects varied between 2.1 and 14.8 cycles.
Procedure. The subjects were informed that the exposure duration would be brief and would be adjusted during the session to maintain an accuracy of 75%. It was emphasized that the most accurate judgments possible were desired on every trial. The subjects were also told that half the trials would be target trials and half would be catch trials.
To acquaint the subjects with the response procedure and visual display, each day's session began with 10 trials of responding to the words yes and no. On the first day the yes-no trials were followed by four 50-trial blocks of practice trials. For the practice trials the stimulus strings were six randomly selected letters. For these trials the initial exposure duration was set at 20 refresh cycles (333 msec) and adjusted, if necessary, every eighth trial. The practice trials were followed by four 80-trial experimental blocks. The procedure for the second day was similar except that only two 50-trial practice blocks were administered and the initial exposure duration for the day was set at the final exposure duration reached the preceding day. On both days the subjects were given short rest breaks between blocks of trials.
Results
The average percentages of correct responses on the target and catch trials at each of the four experimental conditions are presented in Table 3 . Regular strings were recognized 4% more accurately than irregular strings, F(l, 9) = 9.67, p < .025. Strings high in positional frequency were recognized 5% more accurately than strings low in positional frequency, F(l, 9) = 38.61, p < .001. The interaction of regularity and positional frequency was not significant, F(l, 9) = 1. No other sources of variance were significant.
Performance was analyzed as a function of the similarity of the target letters to the letters in the test items on catch trials. There was no significant effect of the number of similar letters in the catch strings. Performance averaged 84%, 81%, 82%, and 76% correct for zero, one, two, and three similar letters, respectively, F(3, 27) = 1.97, p > .10. A similar analysis showed no significant effects of similarity on target trials. Performance averaged 79%, 80%, 81%, and 86% correct for one, two, three, and four similar letters in the target string, F(3,27) =2.64, p > .06.
Discussion
In agreement with our hypothesis, the accuracy task with limited stimulus information and with the target letter presented after the test display appears to be more sensitive to the orthographic structure of the test strings. An orthographically regular string high in positional frequency was recognized 9% better than an irregular low positional frequency string. This result contrasts with the 22-msec difference in the RT task when the target letter was given before the test string. Although it might be argued that these results are not directly comparable, the difference in similarity effects in the two tasks supports the idea of a greater utilization of .orthographic structure in the accuracy task. In contrast to the catch strings Note. Each cell is based on 80 observations for each of 10 subjects.
in the RT task, no consistent effect was observed in the accuracy task. The critical variable determining large effects of similarity is the degree to which the subject terminates processing before recognition is complete. If the subject is given the target before the test string and speed of response is stressed, large effects of similarity should be observed. If presentation of the target is delayed until after the test string has been resolved, similarity should not have much effect. According to this analysis, tasks that eliminate effects of similarity are more likely to show positive effects of orthographic structure. The orthographic structure effects also provide some evidence against the positional uncertainty hypothesis of Estes (1975) . In his view, orthographic structure does not facilitate resolution of the letters in a string but simply reduces uncertainty about their relative spatial positions. In our experiment, identification of the letters was critical to performance whereas their spatial position was irrelevant to the task. Accordingly, if subjects identified the letters equally for both the regular and irregular strings, as Estes would predict, no differences should have been observed.
The small effects in the RT task might be claimed to be due to a poor selection of test items in the present experiments. It might be argued, for example, that the regular items are not all that regular and, therefore, the regular strings do not differ very much from the irregular strings. Although the positive results in the accuracy task argue against this interpretation, it seemed worthwhile to provide an independent assessment of the regularity of the test strings, To provide this assessment, college students were asked to rate each string in terms of how much it looked like a real English word. These ratings also provide a converging measure of the degree to which orthographic regularity and summed positional frequency are psychologically real descriptions of the reader's knowledge of orthographic structure.
Experiment 4
Method
Subjects. Fifty-eight college students were recruited as in the previous experiments. One subject was eliminated from the analysis because he used the scale backwards.
Stimulus lists. The 320 strings of Lists 1 and 2 were randomized and typed, 40 items per page. The order of the items on each page was constant across subjects, although each subject received a different random order of the eight pages. Each word was typed in lowercase letters with an underlined blank area next to it.
Procedure. Subjects were tested in groups of 8 to 10. The subjects were told the general nature of the experiment and the rating scale to be used. The scale was graphically represented on the blackboard for reference purposes as a line with 10 even graduations. All subjects completed the ratings in 30 to 45 min. They were instructed to rate each letter string on a scale of 1 to 10 according to how much it looked like a real English word. Strings that were extremely close were to be given high ratings, while strings that were not very close were to be given low ratings. Subjects were encouraged to skim over the strings before they began in order to obtain an idea of their range of variation. It was emphasized that the full scale was to be used. The "best" items were to be given a rating of 10 and the "worst" a rating of 1. 
Results
Both positional frequency and orthographic regularity had a significant effect on the ratings. Regular strings received an average rating of 6.06, which was twice the average rating of 3.02 of the irregular strings, F(\, 56) = 337, p < .001. Strings high in positional frequency were rated as more like English words than strings low in positional frequency (5.06 vs. 4.02), F(l, 56) = 338, p < .001; but the effect of positional frequency was almost entirely due to the regular strings, F(l, 56) = 249, p < .001. Table 4 shows the interaction of positional frequency and regularity.
Discussion
The ratings of the test strings revealed that subjects could easily discriminate items high in orthographic structure from those low in orthographic structure. Rule-governed regularity was about three times as effective in discriminating the test strings than was summed positional frequency. However, either summed positional frequency did influence the subjects' rating responses or, contrary to our rule-governed assignment, the regular strings were not equally regular for the high and low positional frequencies. If the latter was the case, some or all of the advantage enjoyed by the high positional frequency strings could have been due to regularity.
General Discussion
The present research addressed the question of whether or not the target search latencies are very sensitive to the orthographic structure of the test letter strings. Only a small, but sometimes significant, effect of orthographic structure was observed. On the other hand, target search times for catch trials were critically dependent on the number of letters in the test word that belonged to the same letter class as the target letter. The RTs on catch trials were slower to the degree that the catch strings contained letters of the same class as the target. In terms of our stage model, this means that the observer was sometimes capable of responding at the level of feature detection before recognition of the letters in the test string was complete.
If we assume that (a) a sequence of letters can be processed in parallel, (b) features of individual letters are extracted continuously, (c) feature extraction processes operate on all letter positions independently and with unlimited capacity, and (d) comparisons between extracted features in the target letter can occur before perception is complete, then a relatively parsimonious description of the results can be given. Backward masking and partial report experiments (Averbach & Coriell, 1961; Massaro, 1975a; Sperling, 1960) have shown that the resolution of the visual display occurs gradually over time. Massaro and Klitzke (1977) have previously conceptualized the perception of letters as occurring in a two-stage process. The overall shape of each letter is assumed to be resolved in the first stage; the details of the letter are resolved in the second stage. The reader does not have to complete both stages of processing for each letter, but can in many cases identify the letters unambiguously after the first stage of processing. In target search tasks, the subject can select a response after either stage, depending on the confidence the subject has in the decision at the end of the first stage. The subject maintains a fixed criterion to keep the false alarm rate minimal. If the information available to the subject at the end of the first stage is sufficient to respond correctly with probability PC, and 1-P c < P f where P f is the maximum false alarm rate the subject will tolerate, then the subject outputs the response. Otherwise the second stage of processing is completed. This model can be extended to account for the results of the present experiments. It is assumed that letter features are continuously extracted in parallel across all of the letters in the test string. A subject can initiate a response at any point in this processing sequence. If the subject is given the target letter before the test display presentation, each letter in the string does not have to be completely processed. On catch trials, the subject does not have to recognize all of the letters in the test string, but only has to process enough of each letter to insure that it is not the same as the target letter. On target trials, enough features from the appropriate letter must be extracted in order to identify it unambiguously.
The processing time for each letter in the test string on catch trials will be a direct function of the number of features it shares with the target. To the extent the letter does not share features with the target, it can quickly be rejected. Accordingly, test strings that contain nothing but highly dissimilar letters from the target should be responded to very quickly, whereas RTs should be large for test strings with a large number of items similar to the target letter. In contrast to catch trials, no effects of letter similarity should be observed on target trials. Regardless of the similarity of the nontarget letters in the test string, the target letter must still be resolved sufficiently in order to execute a positive response. Since it is assumed that processing occurs in parallel, only the time to identify the target letter is critical on positive target trials.
The support for this model of letter recognition comes from the similarity analysis carried out in Experiments 1 and 2. We assume that letters of the same letter class share more features than those not of the same class. Accordingly, RTs on catch trials should increase with increases in the number of letters of the same class as the target letter. In agreement with this prediction, average RTs increased steadily as the number of letters of the same class increased from zero to three. Further support for the model comes from the negative findings on positive target trials. RTs showed no consistent changes as the number of letters of the same class as the target was increased from one to four.
Other models of the target search task have been proposed, most notably Gardner's (1973) independent channels confusion model and Estes ' (1972) interactive channels model. Both of these models assume that features are extracted in parallel from all letter positions in a visual display. Gardner's model assumes that feature extraction processes are independent at all letter positions for displays in foveal vision, but that postperceptual decision processes permit confusions between the target letter and confusable noise elements in the display. Although this model could be modified to predict the increase in RT on catch trials with more numerous noise letters similar to the target letter, Gardner assumes that decision processing begins only after perceptual recognition is complete and that decision latency is unaffected by the extent of confusability between target and noise elements. Therefore, the current version of Gardner's model predicts no effect of target letter similarity on RTs to target or catch trials.
Estes ' (1972) model assumes that target and nontarget (noise) letters compete for feature extraction resources. Thus, the greater the similarity between target and noise letters, the greater the competition. If a target letter is accurately detected, a primary detection response is evoked and processing stops which results in a rapid yes response. If no primary detection process occurs, then processing continues and secondary decision processes must select a yes or no response. This model correctly predicts that catch trial RTs would increase with increasingly similar noise letters because of the competition during feature extraction. Without further assumptions, however, this model would incorrectly predict that RT to target trials would also be an increasing function of similarity between the target letter and the noise letters in the display, although the magnitude of this effect need not be as great as on catch trials. Thus, neither Gardner's nor Estes' model adequately predicts the results of Experiments 1 and 2 without additional assumptions.
It is necessary to assume that the feature detection strategy that we have proposed is inconsistent with the active utilization of orthographic structure in the target search task. Only small effects of orthographic regularity will be found in this task to the extent that subjects actively utilize the feature detection strategy. We predicted, however, that the utilization of orthographic structure would occur when the readers were required to resolve all of the letters in the test string to the deepest level possible. If the subjects are no longer able to reject a partially resolved letter as they can in the target search task, then it is to their advantage to utilize what they know about the structure of letter strings in order to identify all of the letters that make it up. We encouraged the readers in Experiment 3 to operate along these lines by presenting the test string first, followed by a single target letter. Since the subjects did not know the target letter in advance, they had to resolve all of the letters in the test string in order to perform the task correctly.
Similar trade-offs between the feature detection strategy and the utilization of orthographic structure have been reported in other studies. Johnston and McClelland (1974) demonstrated the importance of processing strategy on the perception of word strings. Subjects either were told to attempt to see a whole word or were told the critical letter position in a Reicher-Wheeler task (see Reicher, 1969; Wheeler, 1970) . Subjects were about 7% more accurate with the whole-word than with the single-letter processing strategy. In terms of our model, subjects utilized the orthographic structure available in the word in the whole-word processing strategy but did not take advantage of the letter context when attention was directed to the critical spatial position.
In a study by Appelman (1976) , subjects were presented two words or two nonwords in a same-different task. Subjects were 8% more accurate on word than on nonword trials. In a second experiment, only a single test string was presented with a target letter above or below the critical letter in the test string. Subjects indicated whether the target letter was the same as or different from the critical letter in the test string. The word advantage was eliminated in this task. In terms of our model, subjects processed the letter strings through primary recognition in the first case but not in the second. In the second case, the target letter would encourage subjects to process only the critical letter in the test string. Therefore, orthographic structure would not be utilized and no word advantage would be observed.
We have interpreted the processing advantages with highly structured strings in terms of a facilitation of letter recognition. An alternative hypothesis would claim that highly structured strings allow the direct recognition of higher-order units such as spelling patterns or words, which would result in more efficient processing of these strings. The higher-order unit model, however, does not necessarily predict that a target letter will be found more quickly in a structured string than in an unstructured string. In fact, recent higher-order unit models have been developed to make just the opposite prediction: it should take longer to find a target letter in a word than in a nonword string (Johnson, 1975) . Extending this class of models to the current RT task would predict a disadvantage of the regular test strings; but the opposite results were observed. Until the letter and higher-order unit models can be differentiated, we prefer to interpret the results in terms of the facilitative effect of orthographic structure on letter recognition.
In summary, our results and analyses of the target search task lead to the conclusion that the target search RT task is relatively insensitive to the presence of orthographic structure in the letter strings to be searched. The task promotes utilization of a feature detection strategy, which appears to be inconsistent with the active utilization of orthographic structure in processing letter strings. However, despite this insensitivity, an effect of orthographic structure was found for both target search RT and accuracy tasks. These effects could not be attributed solely to the effects of either a rule-governed or a singleletter positional frequency description of orthographic structure. Either both these descriptions have psychological reality, or some as yet unexplicated description that encompasses the descriptive power of both measures is necessary to understand the effects of orthographic structure on the visual processing of letter strings. 396  455  658  521  332  649  548  607  546  437  620  882  373  357  399  485  418  470  427  453  569  516  332  396  519  409  810  534  280  415  865  393  623  449  464  666  555  461  438  429 
